In this study, mass spectrometry was used to explore the canine tear proteome. Tear samples were obtained from six healthy dogs, and one-dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (1D SDS-PAGE) was used as a first step to separate intact proteins into 17 bands. Each fraction was then trypsin digested and analysed by matrix-assisted laser desorption/ionization time-of-flight tandem mass spectrometry (MALDI-TOF-MS/MS) to characterize the protein components in each fraction. In total, 125 tear proteins were identified, with MCA (Major Canine Allergen), Serum albumin, UPF0557 protein C10orf119 homolog, Collagen alpha-2(I) chain, Tyrosine -protein kinase Fer, Keratine type II cytoskeletal, Beta-crystallin B2, Interleukin-6 and Desmin occuring as the most confident ones with the highest scores. The results showed that the proteomic strategy used in this study was successful in the analysis of the dog tear proteome. To the best of our knowledge, this study is the first to report the comprehensive proteome profile of tears from healthy dogs by 1D SDS PAGE and MALDI-TOF. Data are available via ProteomeXchange with identifier PXD003124.
Introduction
Proteome is a set of proteins expressed in a given time by a given tissue. Its name comes from a blend of proteins and genome. Proteomic analysis has become an important tool in biomedical and veterinary research [1, 2, 3] . The tear film covering the surface of the eye is a complex body fluid containing thousands of molecules with different structures and functions [3] [4] [5] [6] [7] . A molecular analysis of tear film composition is a useful source of information for the diagnosis, prognosis and treatment of diseases of the eye, as well as systemic diseases in humans [8] [9] [10] [11] . In addition to its clinical utility, the identification of biomarkers in tear film may be useful in developing new pharmacologically active molecules and diagnostic tests [12] [13] [14] . Currently, few publications in the proteomics literature have evaluated the tear film of animals, especially dogs can be of particular interest, as they live in the same conditions and often suffer from diseases of similar aetiopathogenesis [15] [16] [17] . Despite well-developed veterinary ophthalmology research concerning dogs, reports on molecular studies of the tear film remains sparse, and in-depth analyses of the protein composition of normal tear film is lacking. Most of the information related to protein profiles was obtained using less-accurate analytical methods [18] . Therefore, a systematic study applying the most advanced proteomic technology should begin with an analysis of the normal tear film protein profile of healthy subjects. This project introduces population studies to determine the correct levels of important tear film proteins in healthy individuals similar to that of haematological standards. The aim of this study was to examine the proteome profile of dog tear samples through one-dimensional sodium dodecyl sulphate polyacrylamide gel electrophoresis (1D SDS-PAGE) in combination with matrix-assisted laser desorption/ionization time-of-flight tandem mass spectrometry (MALDI-TOF-MS/MS).
Materials and Methods
Tear samples were collected from 6 healthy dogs using a special standard Schirmer's strip without local anaesthesia. Dogs of various breeds (2 German Shepherds, 1 Doberman, 1 Labrador and 2 mixed breeds) with ages ranging from 2 to 6 years were enrolled during routine admissions to clinics of the Faculty of Veterinary Medicine at the University of Life Sciences in Lublin. Informed consent was obtained from the owners prior to the clinical investigations and sample collection. Every animal used in this study was submitted to a comprehensive ophthalmic examination (anterior segment and fundus evaluation with introcular pressure measurement). Animals included in the study did not exhibit any ocular signs of disease. The exclusion criteria included the presence or history of any systemic or ocular disorder or condition (including ocular surgery, trauma, and disease) that could possibly interfere with the interpretation of the results. The current or recent use of topical ophthalmic or systemic medications that could affect tear status was also grounds for exclusion from this study. The results from blood-cell counts, sera biochemistry and urinalyses oscillated within the normal range. After collection, the Schirmer's strips were placed in elution buffer consisting of 50 mM phosphatebuffered saline (PBS) with protease inhibitors at 4°C for a maximum of 20 h. The total protein concentration was determined by Bradford's method at a wavelength of 280 nm (Picodrop, Cambridge, UK). The resulting protein solution was concentrated using SpeedVac at -4°C to a final protein concentration of 60 μg/10 μl.
Electrophoresis
The protein samples were reduced in dithiothreitol (DTT) (Invitrogen, Carlsbad, CA, USA, cat. no. NP0004), and after mixing with loading buffer (Invitrogen, cat. no. NP0007) and heating to 70°C for 10 minutes, each sample containing 60 μg protein was loaded into a well and subjected to SDS-PAGE analysis using commercial 12% polyacrylamide gel (Invitrogen, NuPAGE 1 Novex 1 12% Bis-Tris). Samples were electrophoresed at 150 V/50 mA/7.5 W until the stain reached 0.5 cm from the edge of the gel. Standard molecular weight markers ranging from 7.1 kDa to 209 kDa were run at the same time. Protein bands were detected by Coomassie Colloidal Blue staining according to the manufacturer's protocol (Novex, cat. no. LC 6025). In the next step, the lanes were divided into 17 bands, which were excised (Fig 1) . Bands of the same molecular mass originating from 6 individual dogs were pooled. The bands that were cut from the 1D gel underwent washing followed by reduction and alkylation using DTT and iodoacetamide. Digestion with trypsin occurred in 50 mM ammonium bicarbonate buffer at 37°C for 12 hours (Promega, Trypsin Gold, Mass Spectrometry Grade, Technical Bulletin). The obtained peptides were sequentially eluted from the gel using a solution of 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50% acetonitrile in 5% trifluoroacetic acid (TFA) (v/v). The extracted peptides were purified using μ C18 Zip-TIP pipette tips in accordance with the manufacturer's procedure (Merck Chemicals, Billerica, MA, USA, PR 02358, Technical Note) and applied to the plate MTP AnchorChip 384 (Bruker, Bremen, Germany).
Mass spectrometry
MALDI was used as a soft ionization method because it only produces a charge and does not cause fragmentation of the analysed compound. The experiment was conducted in an ultrafleXtreme (Bruker) machine with a TOF/TOF detector to guarantee high accuracy and resolution of the measurements. All of the spectra were collected within the 800-3500 Da range in the active reflection mode, and this mass range was used to acquire the MS/MS spectra. HCCA (alpha-cyano-4-hydroxycinnamic acid, portioned; Bruker) was used as the matrix in the dried droplet method (0.5 μl sample + 0.5 μl matrix) following the standard manufacturer's protocol for peptide analysis. An MTP AnchorChip 384 (Bruker) with hydrophilic spots was used as the holder for sample preparation. Each sample was spotted onto 3 different active spots, and the profiled spectra were calibrated using the peptide mixture Peptide Calibration Standard I (Bruker). The flexControl program 3.3 (version 108) was used for mass spectra collection, flexAnalysis 3.3 (version 80) was used for analysis, and finally, SwissProt database was searched using the software BioTools 3.2 (version 4.48). All spectra were systematically processed as follows: smoothing was performed by the Savitsky-Golay method; baseline subtraction was performed by the Top Hat baseline algorithm; peak geometry was characterized by the Stanford Network Analysis Platform (SNAP) algorithm; and all peaks with a signal ratio above 4 were qualified for further analysis. The parameters for the Mascot database search were as follows: errors in both MS and MS/MS mode at 0.3 Da [19] ; global modification of carbamidomethyl (C); possible modification and oxidation (M) [20] ; partials at 1; and trypsin enzyme. Spectra with peptide matches above 5 peaks were considered statistically significant, and only 5 proteins were identified with a single peptide match. All of the peptide mass fingerprint spectra were analysed again in MS/MS mode to confirm their exact amino acid sequence.
Results and Discussion
For over two decades tear film has become an intesivly investigated material due to its assets, like ease to obtain and handle, unlike the other body fluids, ie plasma. The greatest limitation is yet to be the small volume of sample, and low protein concentration. In veterinary field, Hemsley et al were one of the first to investigate tear film for certain proteins, and succeded to find 6 reproducible HPLC protein peaks in dogs, coming to conclusion that they do not correspond in all respects to human tears [18] . With the development of the proteomic approaches like MALDI-TOF, new opportunities arised [21] . De Freitas et al. performed 2-D electrophoresis analysis combined with MALDI-TOF protein identification to find potential cancer biomarkers in dog tear film. They identified some most abundant proteins like MAC, and pointed at albumin and actin elevated levels in dogs with cancer [16] . However there has been no exact identification of each protein present in the electrophoresis, and the samples were collected using microcapillaries, contrary to our Schirmer strips which has been proved to provide more proteins into analysis [22] . Differences with human proteome, similar to those described by de Freitas, like absence of zinc-alpha-2-glycoprotein, were also observed in our study. MS has become the detection method of choice in proteomics analysis. The majority of studies use a bottom-up approach in which proteins are proteolytically digested into peptides and then subjected to multidimensional protein identification technology. Acquired MS (peptide masses) and MS/MS (sequence information) spectra are used to identify the corresponding proteins via database search algorithms [14] . Based on this proteomics approach, normal human tear fluid was observed to contain almost 500 proteins, although the recent work of Zhou et al. reported that the total number of proteins can reach over 1500 [21] . In our study, we separated intact tear proteins by 1D SDS-PAGE prior to detection using the MALDI-TOF technique. A total protein amount of 60 μg was loaded in each lane of the gel to standardize the sample and ensure that the differences noted in the gel patterns were caused by differences in the presence/absence of proteins rather than other reasons. From the 17 bands, a total of 125 distinct/unique proteins were identified (Tables 1 and 2 ). Several proteins were observed multiple times in different molecular weight regions of the gel. For example, desmin has a molecular weight of 53 kDa, but it was also observed in bands 15, 16 and 17 between approximately 140 and 210 kDa. Such multiple appearances most likely represent posttranslational modifications or the formation of homopolymers (e.g., dimers, trimers, and multimers of a protein) of lower molecular weight proteins, although they could also represent protein complexes that were not denatured. Higher molecular weight proteins were also observed at lower molecular weight regions in the gel; for example, the collagen alpha-2(I) chain was observed in band 13 at approximately 80 kDa, which might have resulted from protein degradation caused by storage or tear proteases. The human tear protein profile revealed similar variation when analysed by fractionation in 1D electrophoresis or high-performance liquid chromatography (HPLC) in combination with MS [22, 23] . Studies of tear film proteins among domestic animals have also shown significant variations [24, 25] . Therefore, the accurate and sensitive characterization of tear components in individual species to establish normal tear profiles is crucial for interpreting disease-induced changes, and characterising differences between normal and diseased animals should enhance our understanding of host responses to numerous agents and improve diagnoses, treatments and prognoses. To the best of our knowledge, this study is the first to report the comprehensive proteome profile of tear film from healthy dogs based on 1D SDS-PAGE and MALDI-TOF. In Table 1 , we present 125 identified proteins, including the accession number, score, peptide matches, gene name, molecular function and biological process. Certain proteins are described as unclassified because of a lack of information or multiplicity of function. The proteins identified here were classified using the Uniprot.org database according to biological processes and molecular functions. Several abundant tear proteins, such as MCA (Major Canine Allergen), Serum albumin, UPF0557 protein C10orf119 homolog, Collagen alpha-2(I) chain, Tyrosine -protein kinase Fer, Keratine type II cytoskeletal, Betacrystallin B2, Interleukin-6 and Desmin, as the most confident ones with the highest scores were observed. Some of them hold potential to be used in future as a biomarkers for given Dog Tear Film Proteome In-Depth Analysis diseases, i.e serum albumin in tears is usually weakly expressed, but in human patients with cancer it tends to be highly elevated due to the plasma leakage. One of the most important biological functions of tear proteins is its antimicrobial activity against pathogens because the ocular surface is constantly exposed to the environment [14] . This function is reflected by the substantial representation of immune response proteins, such as cytokines, hydrolases, lysozyme and IgG heavy chains, and a number of these proteins, such as IgG, may be involved in microorganism aggregation rather than death or inhibition. According to Zhou at al., there are top four, well-known human tear film proteins: lysozyme, lactoferrin, secretory IgA and lipocalin [21] . Interestingly, apart from proteins such as lysozyme or serum albumin, many proteins are similar in dogs and humans, including MAC, a main protein found in dog tear film that is most likely analogous to lipocalin, which is found in human tears. However in our study there has been neither presence of sIgA nor lactoferrin in dog tear film. Nevertheless, a number of other proteins are similar or identical in both tear films, like scavenger receptor cysteine-rich type 1 protein M130, which appears to be involved in pattern recognition receptors (PRRs) in humans. All in all, we have revealed that 25 out of 125 proteins identified in our study are common for dogs and humans ( Table 3 ) This shows that animal tear film is similar to human, yet there are some significant differences that have to be taken under consideration during analysis.
These findings may be useful for investigations using dogs as an animal model for certain natural diseases that mimic human disorders.
The analysis method used to determine the mass spectra of the major allergen Canis familiaris, which was also used for the remaining proteins identified in this study, is described (Fig 3) . Based on these results, our future work will include two-dimensional (2D) electrophoresis and HPLC in combination with MALDI-TOF-MS and LC-MS/MS with a quadrupole detector for protein identification and sequence characterization. Glycosylation, phosphorylation, and other posttranslational modifications of proteins will be considered during further in-depth analyses.
In summary, we have identified 125 proteins in the tear film of healthy dogs, and to the best of our knowledge, this is the first comprehensive study published thus far. Additional proteomic analysis has been performed by 2D electrophoresis [16] ; however, previous studies have not presented a coherent proteome map. Tear film is easily collected non-invasively, and its proteome delivers a rich source of information that may be used for various diagnostics. The mass spectrometry proteomics data have been deposited to the ProteomeXchange Consortium [26] via the PRIDE partner repository [27] with the dataset identifier PXD003124.
